In this paper, we presented a reliable algorithm to solve the singularity initial value problems of the time-dependent fractional Emden-Fowler type equations by homotopy analysis method. The approximate solutions of the problems are obtained.
Introduction
In this paper, we consider the following singularity initial value problem for the time-dependent fractional Emden-Fowler type equation: 
where A, a, and r are constants, ( , ) f x t and ( ) g y are the given functions, and D ( 0) α α > is the fractional derivative in Caputo sense, see, for example, [1] [2] [3] [4] [5] [6] . When 1 α = , eq. (1) was adopted to describe the heat-conduction model of the human head [7] . The singularity behavior that occurs at the origin is the main difficulty in the analysis of eqs. (1) and (2) . Recently, several researchers discussed such initial value problems [7] [8] [9] [10] [11] . Various numerical methods, such as, were applied to this kind of the initial value problems, see [12] [13] [14] [15] [16] [17] [18] [19] [20] and the cited references therein. The purpose of the present work is to use the homotopy analysis method (HAM) [7, 12] to obtain the approximate analytical solutions of eq. (1).
Basic definitions of fractional derivatives
In this section, we give some basic definitions and properties of fractional derivatives which will be used in this paper [1] [2] [3] [4] [5] [6] [19] [20] [21] [22] [23] . Definition 1. A real function ( ), 0 f x x > is said to be in the space , C R µ µ ∈ if there exists a real number p µ > , such that
and it is said to be in the space n C if and only if ( ) , . The Caputo fractional derivative of ( ) f x in the power-law kernel is defined [1, 19] : f C − ∈ . We recall here two of its basic properties [19] : 
The Liouville-Caputo-Yang type fractional derivative of ( ) f x of order 1 0 α > > in the power-law kernel is defined [4] :
We notice that the Caputo fractional and Liouville-Caputo-Yang derivatives are different because their kernels are singular and non-singular, respectively. Definition 7. The Yang-Machado-Dumitru fractional integral operator of order 1 0 α > > of a function ( ) f x in the power-law kernel is defined [3] :
The Yang-Machado-Dumitru type fractional derivative of ( ) f x of order 1 0 α > > in the power-law kernel of first kind is defined [3] :
where the Mittag-Leffler function is defined:
The relationship between the Yang-Machado-Dumitru fractional derivatives of first kind is [3] : 
The Yang-Machado-Dumitru type fractional derivative of ( ) f x of order 1 0 α > > in the power-law kernel of second kind is defined [3, 20] :
The relationship between the Yang-Machado-Dumitru fractional derivatives of second kind can be written [3] :
For more definitions of fractional derivatives in the different kernels, see [20] [21] [22] [23] [24] .
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Homotopy analysis method
Here we follow the paper [12] . For the convenience of readers, we still give the basic idea of the method as follows.
Let us consider the following differential equation: 
L
− on both side of eq. (7), we get:
In this way, it is easily to obtain k u for 1 k ≥ , at M th order, we have: 
The solutions of eq. (1)
To solve the problem of eqs. (1) and (2) 
where ( , ) ( 1, 2, ) k y x t k =  will be determined later. Note that the previous series contains the convergence control parameter h. If it is chosen so property that the previous series is convergent at 1, p = then we obtain: 
subject to initial condition: ( 
Conclusion
By using the HAM, we presented a reliable algorithm to solve singularity initial value problems of time-dependent fractional Emden-Fowler type equations. The method is accurate and efficient.
